IUPAC and the Naming of Elements
by Ann E. Robinson I t was once not uncommon for elements to have more than one name. Tungsten and wolfram. Columbium and niobium. Beryllium and glucinum. The multiple names were generally due to language differences, personal preference, and nationality. These different names were ultimately harmonized into a single set of names after World War II with the development of a standardized nomenclature for inorganic chemistry (IUPAC's famous Red Book). At the same time, new elements ceased be to found in naturally-occurring substances. Rather, new elements began to be created in accelerators. The advent of synthesized elements raised new questions regarding the discovery of new elements. It also created a new set of challenges for their naming, one of the tasks of the old Commission on Nomenclature for Inorganic Chemistry (CNIC) of IUPAC. As we will see, to face these challenges the CNIC relied successively on the adjudication of the US National Research Council (US NRC) for the naming of promethium in 1948, and then on an ongoing partnership with the International Union of Pure and Applied Physics (IUPAP).
What constitutes discovery
Element 61 was one of the first synthetic elements with multiple discovery claims that came to the attention of the CNIC. Two claims were made in the 1940s by groups who were using accelerators. During their investigations into artificial radioactivity, a group at the Ohio State University obtained activities they attributed to an isotope of element 61. Experiments with the alpha bombardment of praesodymium at the University of California Berkeley seemed to validate this claim. In honor of the equipment they were using, they suggested the name cyclonium, symbol Cy, in 1941. Another claim was put forward by a group at the Clinton Laboratories in Oak Ridge, Tennessee. In the course of work on the Manhattan Project, this group claimed to have observed five isotopes of element 61 as fission products of uranium. In 1945, they proposed the name prometheum, symbol Pm. Just as Prometheus stole fire from the gods, man was harnessing the power of nuclear fission.
As the discovery claims had come from American groups, the US NRC's Division of Chemistry and Chemical Technology was asked to examine the claims and to make a recommendation to the CNIC as to a name and symbol for element 61. After gathering publications, reports, and other evidence, the US subcommittee tasked with this assignment was faced with several questions concerning the discovery of new elements, the most basic being what constitutes discovery. It was in answering these questions that they were able to make the judgement that the Oak Ridge group had made the discovery as they had provided chemical proof that the isotopes were those of element 61. It was recommended to the CNIC that it should be named promethium (the spelling was changed by the CNIC in 1949).
Dealing with controversies
From the 1950s into the 1980s, most new elements were synthesized in only two laboratories: the Lawrence Berkeley Laboratory in the United States and the Joint Institute for Nuclear Research in Dubna, Russia. Each lab claimed to have discovered elements 102 through 106, creating confusion and tension not only between themselves but in the wider scientific community. As the body that named new elements, the CNIC was placed in the position of attempting to adjudicate discovery claims. This was not a task they desired nor one they felt was suited for a nomenclature commission.
In 1987, a joint group was formed with IUPAP. This Transfermium Working Group (TWG) developed a set of criteria that needed to be met in order to determine if an element had been discovered [1] . The TWG then applied their criteria to the claims of Berkeley, Dubna, and the Gesellschaft für Schwerionenforschung (GSI), a West German laboratory that began synthesizing superheavy elements in 1981 [2] . Once the claims had been judged and priority of discovery determined, the new elements could be named by the CNIC.
IUPAC has been in charge of naming new elements since its founding. Until the 1970s, elements that had not yet been officially declared to have been discovered by the IUPAC had spaces on the periodic table bearing only their atomic number. However, with both Dubna and Berkeley using names for the elements they claimed to have discovered, it was decided that placeholder names were desirable until the IUPAC could make a decision as to who had discovered them. A systematic nomenclature for elements with an atomic number greater than 100 was put into place in 1979 [3] . Elements were named for the numbers, leading to names such as ununoctium, symbol Uuo, for element 118. The placeholder names could be replaced with names suggested by their discoverers only after the TWG established the discovery.
How to name an element
The names of elements have generally been based on a property of the element, the mineral from which it was isolated, the place in which it was discovered, a mythological character, or an astronomical object. Elements were rarely named after people [4, 5] . However, with the discovery of synthetic elements this has changed. Fourteen of the elements from 93 through 118 have been named after eminent scientists. This change raised a variety of issues for the CNIC.
A seemingly minor, but nevertheless highly debated, issue occurred with element 103. Named after Ernest O. Lawrence, lawrencium was originally given the symbol Lw. The point was raised that the letter w is one not found in many languages. It was proposed to change the name to laurencium and the symbol to Lr. After some discussion, it was agreed that the spelling of a person's name could not be changed. Element 103 remained lawrencium, although its symbol was changed to Lr in 1963.
Perhaps the most controversial issue was the prospect of naming new elements after persons who were still living. This was something of a gray area as both Albert Einstein and Enrico Fermi were alive when elements 99 and 100 were first discovered in the debris of the first US hydrogen bomb test, but both had died by the time the discoveries were declassified in 1956. The controversy arose when the group at Lawrence Berkeley Laboratory proposed naming element 106 seaborgium after Glenn T. Seaborg who was still alive. In 1994, the CNIC decided that elements should not be named after living persons so as to have the perspective of history but they reversed that decision only a few years later in 1997 [6, 7] .
The Next Row of the Periodic Table
The 7th row of the periodic table was filled in 2016 and the search for elements that will fit in the 8th row has already begun. Looking ahead to those yet-to-be discovered elements, the documents outlining the criteria that need to be met to determine discovery and how to name an element have recently undergone revision to account for the changes that have occurred since they were first put into place several decades ago [8, 9] . These documents have served to secure a common language for chemists around the world and should continue to do so in the future.
